





















































conductance, pH, and DO by the methods suggested by Skougstad and others (1979)
and the American Public Health Association and others (1976). DO was
occasionally determined by the azide modification of the iodometric titration
method (American Public Health Association and others, 1976).

Representative water-quality samples were obtained using a depth-
integrating sampler described by Guy and Norman (1970). Suspended-sediment
concentrations were determined by the U.S. Geological Survey at the Iowa
District's sediment laboratory by the methods of Guy (1969). Five-day BOD
(biochemical oxygen demand) was determined on an untreated sample of creek
water using the method described by the American Public Health Association and
others (1976). The rest of the samples were appropriately filtered and
preserved before shipment to the U.S. Geological Survey Central Laboratory in
Doraville, Ga., for analysis.

Samples sent to the laboratory were analyzed by methods described in
Goerlitz and Brown (1972) and Skougstad and others (1979). Each water sample
was analyzed for dissolved chloride, dissolved solids, dissolved nitrite plus
nitrate nitrogen, dissolved ammonia nitrogen, dissolved and total ammonia plus
organic nitrogen, total phosphorus, dissolved orthophosphate, dissolved and
suspended organic carbon, total arsenic concentrations, and total recoverable
concentrations of cadmium, chromium, copper, iron, lead, manganese, mercury,
and zinc. Bottom—material samples were analyzed for the total concentrations
of nitrite plus nitrate nitrogen, ammonia plus organic nitrogen, phosphorus,
and arsenic, and total recoverable concentrations of cadmium, chromium, copper,
iron, lead, manganese, mercury, nickel, zinc, and organic and inorganic carbon.

Constituent concentrations were not always determined because of sampling
or analytical errors and problems. Iron oncentrations were not determined for
five samples between June and November 1979.

Statistical summaries of the results of sample analysis are presented in
tables to help display the similarities and differences in the quality of the
water at each of the sites. For those constituent concentrations reported as
less than the detection limit, summary statistics were prepared with the
assumption that the actual concentration was half the detection limit. This
method is considered reasonably accurate when a small percentage of the
constituent values are less than the detection limit (Wayne Webb, U.S.
Geological Survey, written commun., 1983), but was not applied to concentra—
tions of mercury which had a high percentage of values below the detection
limit, The means for pH were computed on the hydrogen ion concentration and
converted to pH, as pH is the negative of the logarithm of the hydrogen ion
concentration and would not provide an accurate mean.

The time required to sample all four sites varied from several hours to
nearly 36 hours. Weather conditions can, and occasionally did, change signifi-
cantly during this period. Introduction of runoff from a major -rainstorm can
significantly alter stream-water quality and affect the relationship of the
average values between each of the sites., Five concurrent samples were chosen
from all the samples collected at each of the sites to represent the base-flow
quality and facilitate comparison between the sites. The samples collected May
16 and 17, June 27, and September 26, 1979, and May 28 and July 10, 1980, were
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chosen because all the sites had stable gage-heights and 5 days with less than
0.05-inch and 2 days with less than 0.02-inch total precipitation before sample
collection. The means and medians of concentrations and field measurements
sampled during base flow were compared with means and medians during the study,
computed fram all 14 samples.

RAINFALI~RUNOFF RELATION

This section discusses and compares a range of rainfall and runoff charac-
teristics for various conditions and subbasins. The primary topics of
discussion are rainfall-runoff response and peak discharges. Rainfall-runoff
response is defined as direct runoff volume as a percentage of rainfall volume.
Direct runoff, or rainfall excess, is defined as rainfall that does not
infiltrate the ground, but runs overland directly to the stream. Direct runoff
occurs when rainfall intensity is greater than soil-infiltration rates.

. . £ pat

Rainfall-runoff response depends on various physical and meteorological
conditions in the watershed. Most watersheds with similar basin (physical)
characteristics respond similarly to rainfall of equal magnitude, duration, and
intensity. Basin runoff characteristics are dependent upon such things as mean
basin slope, impervious area, and soil-infiltration capacities. In general,
urban basins peak faster than rural basins. Urban development shortens the
time to peak of runoff due to improved conveyance areas in the form of gutters,
storm drains, culverts, and channelization. Also, urban areas produce higher
peaks than natural areas due primarily to an increase in the amount of direct
runoff as a consequence of increased impervious area.

Rainfall and runoff events were monitored continuously throughout two
open—water seasons, but only eight storms with significant rainfall occurred
over the entire basin during that period. The greatest rainfall recorded
during the study was 3.95 inches on August 7, 1980. The basin-weighted raim-
fall for the August 7 storm was 3.56 inches, which resulted in the greatest
observed peak flow at RG-5 of 185 ft3/s. Weighted rainfall and peak discharges
observed at all gages are given in tables 3 and 4. Direct runoff volumes were
determined and are given in table 2 for the recording gage location for those
events where sufficient data were obtained. These volumes represent only
direct runoff and do not include base runoff. Direct runoff volumes ranged
from 2.51 to 1,355 acre-ft for observed hydrographs. Generally, rainfalls less
than 1 inch did not produce significant runoff unless antecedent soil moisture
was high and infiltration rates were low.

Differences in runoff characteristics were apparent between urban and
rural areas, as mentioned earlier, when recorded hydrographs from those areas
were compared. These differences were observed between the urban site, RG-4_on
Sand Creek (15.7 miz), and a rural site, RG-2 on County Ditch 58_(10.6 miz),
for the storm of June 16, 1979. Peak discharges were 101 and 16 ft°/s, respec-
tively, and time to peak was 1 and 20 hours, respectively (fig. 8). The higher
peak for RG-4 was due to a greater amount of impervious area, more efficient
channel, and a greater slope (table 2) than the rural site RG-2. The channel
system upstream from site RG-2 is deteriorated and the soils are predominantly
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sand and peat underlying areas of marsh and wetlands. The basin above site RG-
2 has 27 percent swamps and lakes compared to only 11 percent for site RG-4.
These basin characteristics seem to be significant enough to retard and prolong
direct runoff, thereby resulting in lower peaks and longer times to peak at
site RG-2.

Table 3.—Rainfall and runoff for storms in 1979 and 1980

Rainfall-
runof £
Weighted Direct Direct response
Area rainfall runof £ runof f (percentage
Site (mj_lesz) (inches) (acre—-feet) (inch) of rainfall)
Storm of June 9, 1979
RG-1 25.6 1.02 76.2 0.056 5.5
RG-2 10.6 1.15 37.3 .066 5.7
RG-3 67.2 1.14 159 .044 3.9
RG-4 15.7 1.39 46.9 .056 4.0
RG-5 90.1 1.19 208 .043 3.6
Storm of June 16, 1979
RG-1 25.6 1.63 386 0.283 17.4
RG-2 10.6 1.64 193 341 20.8
RG-3 67.2 1.67 624 174 10.4
RG-4 15.7 1.69 192 <229 13.6
RG-5 90.1 1.68 800 <166 9.9
Storm of July 3, 1979
RG-1 25.6 1.08 136 0.099 9.2
RG-2 10.6 1.47 18.0 .032 2.2
RG-3 67.2 1.03 138 .038 3.7
RG-4 15.7 77 46.2 .055 7.1
RG-5 90.1 .97 224 .047 4.8
Storm of August 9, 1979
RG-1 25.6 1.41 45.5 0.033 2.3
RG-2 10.6 1.49 3.49 .006 4
RG-4 15.7 1.78 45.7 .055 3.1
RG-5 90.1 1.50 148 .031 2.1
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Table 3.—Rainfall and runoff for storms in 1979 and 1980—Continued

Rainfall-
runof £
Weighted Direct Direct response
Area rainfall runof £ runof £ (percentage
Site (miles?) (inches) (acre-feet) (inch) of rainfall)
Storm of June 5, 1980
RG-1 25.6 2.06 159 0.117 5.6
RG-2 10.6 1.94 32.8 .058 3.0
RG-3 67.2 2.06 341 .095 4.6
RG-4 15.7 2.28 80.0 .096 4.2
RG-5 90.1 2.10 475 .099 4.7
Storm of July 15, 1980
RG-1 25.6 1.07 27.8 0.020 1.9
RG-2 10.6 1.02 2.51 .004 4
RG-3 67.2 1.08 — — _
RG-4 15.7 1.30 32.3 .039 3.0
RG-5 90.1 1.10 - - -
Storm of August 7, 1980
RG-1 25.6 3.32 649 ~0.475 14.3
RG-2 10.6 3.57 —_— — -_—
RG-3 67.2 3.45 794 .221 6.4
RG-4 15.7 3.93 152 .182 4.6
RG-5 90.1 3.56 1,052 .219 6.2
Storm of September 11, 1980
RG-1 31.9 2.54 943 0.554 az1.s
RG-2 10.6 2.40 —_ - -
RG-3 73.5 2.46 1,074 .274 11.1
RG-4 15.7 2.19 219 .262 12.0
RG-5 96.4 2.38 1,355 +263 11.1

3Carlos Avery Wildlife Management pools open.
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Table 4.—Observed peak discharges

[Values in cubic feet per second; < indicates peak was less than
corresponding lowest recordable discharge; bw indicates variable
backwater (discharge not determined)]

Site Storm date

June 9, June 16, July 3, Aug. 9, June 5, July 15, Aug. 7, Sept. 11,

1979 1979 1979 1979 1980 1980 1980 1980
RG-1 31 73 65 16 a37 12 139 121
RG-2 10 16 9.4 11 7.4 4.0 bw bw
RG-3 62 98 74 34 70 41 131 153
RG-4 34 101 40 49 49 44 88 65
RG-5 98 173 121 118 111 — 185 176
Cs-1 <16 30.2 33.5 18.8 <16 <16 67.7 68.4
CS-2 <24.7 26.5 29 30 <24.7  <24.7 50 41
cs-3 4.0 5.9 3.5 <3.5 bPo.78 <3.5 5.4 6.4
cs-4 18 35 30 15 <9.8 .76  11.5 25.3
CS-5 <11.5  <11.5 1.8  <11.5 <11.5 <11.5 19 17
Cs-6 33.6 103 33 37 51 46 190 93
cs-7 € ¢ 3.8 ¢ 4.1 2.8 7.6 5.3

3peak due to beaver—-dam break upstream from CS-3, reached 43 ft3/s.
bResult of a beaver—dam break.
CDischarge not determined, undefined rating.
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RG-4 also had the highest peak discharge per square mile of drainage area
when compared to RG-1 and RG-2 for all elght storm events. Unit peak discharge
for RG-4 ranges from 2.17 to 6.43 (£t3 /s)/m% , whereas RG-1 and RG-2 ranged
from 0.46 to 5.37 and 0.38 to 1.51 (ft3/s)/mi2, respectively.

Peak discharges from a given storm may differ considerably in basins of
similar size and land use. For example, the storm of June 16, 1979, resulted
in peak discharges of 35 ft3/s for Sand Creek at Minnesota nghway 65 (Cs-4,
8.33 mi?), and 16 £t3/s for County Ditch 58 at Andover Boulevard (RG-2, 10.6
mi<). (See table 4.) The basins are of nearly the same size and land use in
each is predominantely rural. The greater peak discharge at CS-4 can be attri-
buted to the greater channel efficiency and less wetland area upstream from the

gage.

Peak discharges can decrease from upstream to downstream locations if the
channel between is constricted by roadway crossings with small bridge or
culvert openings. This situation occurred on Sand Creek in the storms of
August 7 and September 11, 1980. Peaks of 190 ft3/s and 93 ft3/s, respec-
tively, were recorded at Foley Boulevard, CS-6, whereas downstream at Xeon
Boulevard, RG-4, peaks of 88 ft3/s and 65 ft°/s, respectively, were recorded.
Flow was not restricted at Foley Boulevard where it passes through a 12-foot
metal-pipe arch. Downstream at Olive Street, where there are two 4-foot
culverts, and at Xeon Boulevard where there are two 3.5-foot culverts, flow was
restricted and peaks were reduced by (1) the limited capacity of the culverts
to transmit water and (2) the availability of storage area upstream from the
structure in which water was retained.

Large areas of swamp underlain by sandy soils retain much of the direct
runoff, which then discharges in a slow, uniform manner that results in a much
lower peak and a longer time to peak. Such areas are present upstream from
sites RG-2, CS-3, and CS-7 where runoff peaks were typically lower than peaks
at other sites in the watershed (table 4). There are two reasons for reduced
flow from sandy and swampy areas. First, direct runoff is absorbed and stored
in the channel banks as stream stage rises and is then released as stage
recedes thereby effectively delaying parts of the flow. Second, runoff is
retarded because of the increased channel friction in swamps and marshes in the
form of weeds and brush, which physically block and effectively delay parts of
the flow. More water can be stored in the porous sand and peat in the Coon
Creek basin than in other basins with less porous soil types.

Channel constrictions and marshy areas having storage capability were
observed to be effective controls of peak flows in the Coon Creek basin. These
forms of detention storage could possibly be used to control downstream
flooding, but they also may cause local flooding if the storage areas are
inadequate for the volume of runoff received.

The rainfall-runoff response was determined for all five recording gage
sites (table 3). Rainfall-runoff response was easily determined for rural
areas (RG-1 and RG-2) from the recorded data but was not as easily evaluated
for the urban area (RG-4). The Sand Creek basin (RG-4) is a combination of 38-
percent developed urban area near the mouth and 62-percent rural area in the
upstream part of the basin. The rainfall-runoff response at RG-4 was deter-
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mined by separating the runoff hydrographs into a downstream urban area
component and an upstream rural-area component. Time to peak of the rural area
was sufficiently slower, such that the hydrograph from the urban area was well
into recession before runoff fram the rural area reached the site.

Rainfall-runoff responses were determined for eight storms that had
complete records at each of the recording sites. A few examples from the data
illustrate the varying results (table 3). The storms of June 16 and August 9,
1979, had similar uniformly distributed weighted-rainfall amounts of 1.68 and
1.50 inches, respectively, over the basin. Duration of the first storm was 2
hours and duration of the second storm was 12 hours. Average preceding 7-day
cumulative rainfall amounts were 1.21 and 0.79 inches, respectively. Rainfall-
runoff response from the June 16 storm ranged from 9.9 percent (0.17 inch) at
RG-5 to 20.8 percent (0.34 inch) at RG-2. Rainfall-runoff response from the
August 9 storm was much lower and ranged from 0.4 percent (0.01 inch) at RG-2
to 3.1 percent (0.06 inch) at RG-4.

Rainfall-runoff response was similar between subbasins for any one storm,
but differed for succeeding storms because of its dependence on antecedent soil
moisture and rainfall characteristics. Overall, there was no significant
difference in rainfall-runoff response between urban and rural subbasins. The
least difference in response occurred following the storm of June 9, 1979, when
response ranged from 3.6 percent at RG-5 to 5.7 percent at RG-2, and the
greatest difference occurred after the storm of June 16, 1979, when response
ranged from 9.9 percent at RG-5 to 20.8 percent at RG-2.

Extremes in rainfall-runoff response were observed at RG-2, ranging from
0.4 percent for the storms of August 9, 1979, and July 15, 1980, to 20.8
percent for the storm of June 16, 1979. The low response in August 1979 and
July 1980 was due to low antecedent soil moisture and the high retardance to
flow of vegetation in the channel system.

The controlled headwater pools at Carlos Avery State Wildlife Management
Area were closed and the area was noncontributing for seven3 of the eight
storms. The pools were open and discharging from 37 to 42 £t°/s during the
storm of September 11, 1980. The highest runoff occurred after this storm, but
was not included in the analysis because discharge from the pools varied and
records of the discharge are approximate due to the changing flow rate with
lowering pool levels and changing backwater at the control points. The addi-
tional discharge from the Carlos Avery pools after this storm represented 1
foot of stage in Coon Creek at Lexington Avenue (CS-1). This is based on a
discharge measurement made at the time of the peak, and on the stage-discharge
relationship for that site.

To reiterate, subbasins with differing land uses in the Coon Creek water-
shed reacted to rainfall much as expected. Hydrographs of streams draining
urban areas had higher peaks and shorter times to peak than hydrographs of
rural streams. Basin runoff characteristics are dependent primarily on channel
slope, impervious areas, and infiltration capacities. Peak flows from upstream
rural areas generally were lower and times to peak were longer because of rapid
infiltration to soils, large storage capacity of swamps, and the high-
retardance channel system. Rainfall less than 1 inch did not produce signifi-
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cant runoff. Peak discharges generally increased from upstream to downstream
except where flow was restricted by bridge or culvert openings at roadways.
There was no significant difference in rainfall-runoff response between
subbasins for any one storm, but the response differed between succeeding
storms because of its dependence on antecedent soil moisture and rainfall
amount, intensity, and duration. Finally, the rainfall-runoff response was
difficult to analyze for low peak and long-duration hydrographs (such as those
of RG-2) because of the inherent errors associated with streamflow and rainfall
measurements and with determinations of base runoff from relatively flat

hydrographs.
Model

In addition to the quantitative analysis, a computer simulation of the
rainfall-runoff process was performed to further define the rainfall-runoff
relationship, Basin, storm, and hydrograph characteristics, most of which are
random variables, were the major components in the modeling effort. The key to
the modeling effort was to determine the interrelationships of these components
and to develop a method to re—create past runoff and simulate future runoff.

The computer program HEC-1, Flood Hydrograph Package, developed by the
Hydrologic Engineering Center, U.S. Army Corps of Engineers (1973), was used to
simulate streamflow hydrographs for various hydrologic conditions and land
uses. The program was selected because it satisfied the project objectives,
requires less data than other rainfall-runoff models, and is relatively easy to
use.

HEC-1 is a collection of computer programs incorporated into a package
that includes unit-hydrograph and loss-rate optimization, mean basin rainfall
and snowmelt computations, unit-graph and hydrograph computation, streamflow-
routing optimization, hydrograph combining and routing, and balanced hydro-
graphs. There are two limitations to the model. First, only single storms can
be analyzed because there are no provisions in the computation process for
recovery of the loss-rate, which is a function of the soil infiltration
capacity, during periods of no precipitation. Secondly, "lumped parameter"
modeling is used in the computations and average parameter values applicable to
entire subbasins are used in the modeling process. This lumping of parameters
includes precipitation amounts with time, so rainfall must be uniformly dis-
tributed over the subbasin, which is not often an accurate representation of
actual rainfall.

The model requires definition of a unit hydrograph based on the Clark
method (Clark, 1945) and of precipitation loss-rate criteria for the basin
being modeled. The Clark method requires three elements to calculate a unit
hydrograph; the time of concentration for the basin, a storage coefficient, and
a time-area curve, Direct runoff from various points in the basin is converted
into a translation hydrograph that is routed through a linear reservoir, which
accounts for the effect of storage, and results in an instantaneous unit hydro-
graph from which a unit hydrograph for the given time interval can be derived.
HEC-1 can determine a set of loss-rate and unit-hydrograph parameters that
"best" simulate observed runoff hydrographs, given the average rainfall over
the basin, the drainage area, and a few runoff-characteristic values. The
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"best" simulation is considered to be that which minimizes the weighted-square
deviations between observed and simulated hydrographs. The variables necessary
for the HEC-1 models are defined in table 5 and in figure 9.

Table 5.—Runoff and unit-hydrograph variables

Variable Definition
QRCSN Discharge at which recession flow begins, in cfs.
’ (May also be a ratio to peak flow, as was the case here)
STRTQ Recession flow for antecedent runoff (discharge at beginning of
first period of simulation).
RTIOR Recession coefficient, ratio of flow at time ¢ to flow-10
computation periods later during recession.
TC Clark unit-hydrograph time of concentration, in hours.
R Clark unit-hydrograph storage coefficient, in hours.

Most rainfall during 1979 and 1980 occurred in relatively small amounts at
low intensity, producing small amounts of direct runoff and low hydrograph
peaks. Rainfall was recorded on 109 separate days during the study. Rainfall
amounts on 2 days exceeded 2 inches, on 9 days was from 1 to 2 inches, and on
the remaining days was less than 1 inch. (Rainfall amounts were recorded from
midnight to midnight. Amounts differ among rainfall-measurement sites. See
"Rainfall data" at the end of this report.) Although most storms did not
produce a significant rise in stage or a hydrograph that could be modeled
accurately, eight storms produced hydrographs that could be used in developing
a model at most sites.

Runoff hydrographs were modeled for three subbasins, Coon Creek upstream
from Raddison Road (31.9 mi2), County Ditch 58 upstream from Andover Boulevard
(10.6 mi2) , and Sand Creek upstream from Xeon Boulevard (15.7 mi2) , Wwith data
collected at recording sites RG-1, RG-2, and RG-4, respectively.

Runoff from seven storms was modeled at site RG-1. The storm of June 5,
1980, was not modeled because discharge surges from removal of a beaver dam and
water released from pools in the Carlos Avery Wildlife Management Area caused
an unnatural hydrograph. All eight storms were modeled at RG-4 on Sand Creek.
The rural lands and marshes drained by County Ditch 58 held and absorbed the
smaller rainfall amounts so that only four hydrographs suitable for modeling
were recorded at RG-2. The large runoff events in August and September 1980
were not modeled at RG-2 because discharge could not be adequately defined
owing to variable backwater conditions at the gage caused by a beaver dam.

23



ARITHMETIC SCALE

0.2 DLTKR, . | STRKR
'_\I ;( DLTK =0.2 DLTKR[1- (CUML/DLTKR)]22 0
2 w
- |
e AK=STRKR/[RTIOL (0.1 CUML)] | X
E 7
c"; o
s
o X T
w < =
- RTIOL=A/B o
< <
o l+—10 inches o
» o
07s) |
o
-

ACCUMULATED LOSS (CUML) - INCHES
ALOSS = (AK + DLTK) PRCPERAIN

EXPLANATION

DLTKR Amount of initial accumulated rain loss during which loss-rate
coefficient is increased (primarily a function of antecedent
soil-moisture deficiency, usually different for each storm)

STRKR Starting value of loss coefficient on exponential recession curve
for rain losses (function of infiltration capacity; depends on basin
characteristics such as soil type, land use, and vegetal cover)

RTIOL Ratio of rain-loss coefficient on exponential loss curve to that
corresponding to 10 inches more of accumulated loss (function
of abillty of surface of a basin to adsorb precipitation and should
be constant for large homogeneous areas)

ERAIN Exponent of precipitation for rain-loss function that reflects the
ALOSS = (AK + DLTK)PRCPERAIN

influence of precipitation rate on basin—-average loss charac-
teristics. It reflects the manner in which storms occur within
an area and may be considered a characteristic of a particular
region.

ALOSS =loss rate, in inches per hour

AK =loss-rate coefficient at beginning of time interval,
value on STRKR exponential loss curve

PRCP =rainfall intensity, in inches per hour
DLTK =incremental increase in loss-rate coefficient

Figure 9.--General Ioss-rate function used Iin HEC-1 program (Modiflied
from U.S. Army Corps of Engineers, 1973)

24



Sandy soils and relatively flat slopes in the Coon Creek basin enhance rapid
infiltration, resulting in a runoff hydrograph that largely reflects interflow
processes rather than direct surface runoff.

The modeling sequence described in the HEC-1 package (U.S. Army Corps of
Engineers, 197/3) was used to achieve the "best" simulation of each hydrograph.
A satisfactory duplication of each hydrograph was achieved. The best and
poorest matches of simulated and observed hydrographs for each site are shown
in figures 10A-10F. These hydrographs provided 19 sets of HEC-1 input
variables unique to each runoff event and basin. Model variables RTIOL and
ERAIN were later found to be constant over the entire basin. Model-variable
values from the optimization sequence are listed in table 6.

Trial simulations to generalize the model using average values of vari-
ables from individual storms in each basin and recorded rainfall amounts gave
poor results. Acceptable agreement was obtained for only 2 of the 19 recorded
hydrographs. Such unsatisfactory results can be attributed to the wide range
in values for the most sensitive model variables, STRKR and DLTKR. The accum-
ulated rain loss accounted for by DLTKR varies from storm to storm and an
average value should not be expected to produce a response in agreement with
individual storms. Similarly, the value of STRKR varies, and the change in
loss coefficient during rainfall is affected by the starting value.

A need became evident for a method to relate HEC-1 input-variable values
to variations in rainfall and antecedent moisture. Values for various physical
and meteorological characteristics that affect runoff were used in a multiple
regression to the optimized "best fit" HEC-1 input variable values. This
insured that the hydrograph-simulation process would include more of the vari-
ables contributing to the observed hydrographs and that the model process for
each site would result in a reasonable match to all hydrographs. The variables
used are defined in table 7 and the values for each storm are listed in table
8. The rainfall amounts listed in table 7 were uniformly distributed over each
site. Preceeding cumulative rainfall amounts (RAIN7 and RAINIO) were used in
lieu of antecedent soil moisture.

The linear equations (table 9) from the regression analyses have unique
independent variables for each model input variable at each site. This indi-
cates that the significance of runoff variables differs from individual basins
for the storms.

HEC-1 input variables were determined from the equations in table 9 and
the variables associated with the observed storms from table 8. Results are
given in table 10. Computed HEC-1 input-variable values from table 10 were
then used in a hydrograph simulation for each storm to compare the results of
this method to the observed hydrographs. The simulated and observed hydro-
graphs are shown in figures 11A through 11S. A graphical representation of the
results of all 19 modeled hydrographs is shown in figure 12 where simulated
peak discharge is plotted against observed peak discharge. A summary of the
differences between observed and simulated hydrograph peaks is presented in
table 11. The median differance overall was 42 percent.
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Table 7.—Variables used in multiple regression with HEC-1 model variables

Variable Def inition
TRAIN Total storm rainfall, in inches, over the duration of the storm.
DUR Duration of rainfall, in hours.

AVINT Average rainfall intensity (inches per hour) defined as
TRAIN/DUR.

PKHRR Peak hourly rainfall, in inches.

PCTOT Peak hourly rainfall as a percent of the total rainfall
(PKHRR/TRAIN) x 100.

RAIN7 Preceding 7-day cumulative rainfall, in inches.

RAINIO Preceding 10-day cumulative rainfall, in inches.

AREA Area of the drainage basin, in square miles.

Table 8.—Rainfall characteristics used in regression

Date TRAIN DUR AVINT PKHRR PCTOT RAIN7 RAIN1O
Site RG-1
6-09-79 0.98 19 0.05 0.13 13 0.45 1.26
6-16-79 1.62 9 .18 1.06 65 1.06 1.46
7-03-79 1.06 5 .21 .97 92 1.18 1.18
8-09-79 1.36 12 11 .41 30 .99 1.25
8-07-80 3.06 8 .38 .96 31 1.65 1.73
9-11-80 2.72 10 .27 1.01 37 .00 1.51
Site RG-2
6-09-79 1.15 19 0.06 0.16 14 0.53 1.32
6-16-79 1.63 9 .18 1.07 66 1.19 1.78
7-03-79 1.57 5 .31 1.45 92 1.52 1.52
6-05-80 1.68 55 .03 .30 18 1.83 2.10
Site RG-4
6-09-79 1.41 19 0.07 0.16 11 0.54 1.71
6-16-79 1.70 9 .19 1.18 69 1.38 1.88
7-03-79 .74 10 .07 .30 41 1.41 1.41
6-05-80 .99 4 .25 .48 48 1.58 1.58
7-15-80 1.31 2 .66 1.20 92 .00 .00
8-07-80 3.95 8 .49 1.23 31 1.14 1.16
9-11-80 2.05 18 11 .49 24 .00 1.00
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Table 10.—HBC-1 variables computed fram equations

in table 8 and variables in table 7

[Al]l sites, all stomms:

RTIOL = 2.00; ERAIN = 0.50]

Date STRTQ QRCSN RTIOR TC R STRKR DLTKR
Site RG-1
6-09-79 15.2 0.97 1.08 21.8 58.1 0.50 1.16
6-16-79 14.3 .72 1.09 21.5 43.6 .54 1.32
7-03-79 11.9 .79 1.08 20.8 14.4 .53 1.40
8-09-79 13.1 .95 1.12 21.3 27.0 .55 1.23
7-15-80 8.53 .80 1.13 22.2 39.0 .51 .98
8-07-80 13.9 .98 1.18 23.2 64.2 .57 1.48
Site RG-2
6-09-79 4.38 0.98 1.09 11.2 202 0.31 0.49
7-03-79 2.00 .97 1.15 21.1 89.0 .56 1.43
6-05-80 4.83 1.00 1.16 12.2 59.5 .67 1.72
Site RG-4
6-09-79 10.7 0.44 1.11 1.5 8.3 0.62 1.22
6-16-79 8.74 .29 1.15 1.5 8.4 .69 1.53
7-03-79 5.37 .39 1.14 1.5 5.2 .62 1.28
8-09-79 2.95 .20 1.16 1.5 6.5 .79 1.84
6-05-80 5.90 .28 1.18 1.5 3.7 .69 1.56
7-15-80 .97 .19 1.16 1.5 6.2 .81 1.89
8-07-80 4.67 .15 1.21 1.5 10.0 .80 1.92
9-11-80 7.89 .67 1.11 1.5 9.9 .49 .65
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Figure 11A.--Simulated versus observed hydrographs using computed
HEC-1 input parameters for Coon Creek at Raddison Road,
storm of June 9, 1979
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storm of June 16, 1979
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Figure 11C.--Simuiated versus observed hydrographs using computed
HEC-1 input parameters for Coon Creek at Raddison Road,

storm of July 3, 1979
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Figure 11H.--Simuiated versus observed hydrographs using computed
HEC-1 input parameters for County Ditch 58 at Andover
Bouievard, storm of June 9, 1979
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Figure 111.-~-SImulated versus observed hydrographs using computed
HEC-1 input parameters for County Ditch §8 at Andover
Boulevard, storm of June 16, 1979

j& w771 7T T T T T T T T T T T T T
5 10 B
£ Z 06 i
é Z 00 . PN IR P CU SRR N SR S DU S N SRR SR SR N
35 T T T 1 1 T M T M L T M T M T f T T M T T T
2 Q 30 enTrTe :
[+ ] r . Seean .
o2 2 K '~.s.{’_nu,at
©8 ;| . ~-ileg 1
< . Seeean
=6 20} S T -
w S Ty .
OF 15 : A
T a .
g s — -
D 1 2 1 a4 = i i " 1 i L i l’ 4 i e 1 e ll " J 1 n " " i i
6 12 18 24 6 122 18 24 6 12 18 24 6 12 18 24 6
JULY 3 JULY 4 JULY & JULY 6 7

Filgure 11J.--SImulated versus observed hydrographs using computed
HEC-1 input parameters for County Ditch §8 at Andover
Boulevard, storm of July 3, 1979

37



. OF——7—7r 7 77T 77 T 7T T T T T
- g 056 - lAnt:lover g:lageI | 2
A 1 1 I 1 ‘ 1 1 1 i 1 1 i 4
x5 oo I B R Ll
£2Z 10—~ T1T 7T T T T T T T T T T T T
Sz o6 Ham Lake gage -
r < .
0.0 I T I N R R s S
10 M r— - 7T T T M T T T T T T T T T M T M T T T T T T T
o o i
[11]
2 8
28
Z
SE
a.
< - e .
Sz e s-eseee... Simulated
= L R LT TP Seeeemeacmmnnaa. ..
o 0 " i i " i : N i I " 1 % " J SR § i " % A i N 1 " !
O 6 12 18 24 6 12 18 24 6 12 18 24 6 12 18 24
JUNE § JUNE 6 JUNE 7 JUNE 8

Flgure 11K.-~-Simuiated versus observed hydrographs using computed
HEC-1 input parameters for County Ditch §8 at Andover
Boulevard, storm of June 5, 1980

ﬁ g 1.5 5 L S S B S NN s B SRS SRS S S B B B B

& O 1.0 — i

Z Z 06 + -

é Z 00 e (PPN RRRPUNS ESPUNY SRNPUNN AU AP U SENPUN NN R SR B

36 T T T T

2 Q 30

Lz

OO 25+ .

z 2

-~ »n 20 r .

w

& 1B} :

c a

<, 101 .

6 w

o 57 :

o o a1 s e T i PRSI B : L i " i i } ol " L L1 % .
6 122 18 24 6 122 18 24 6 12 18 24 6 12 18 24 6

JUNE 9 JUNE 10 JUNE 11 JUNE 12 13

Figure 11L.--Simulated versus observed hydrographs using computed
HEC-1 Input parameters for Sand Creek at Xeon Bouievard,
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Figure 11S.--Simuiated versus observed hydrographs using computed
HEC-1 input parameters for Sand Creek at Xeon Boulevard,
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Figure 12 shows that 10 of the 19 recorded hydrographs are matched for
peak flow within 30 ft 3/s, or within 50 percent of the observed peak discharge
by simulations using the generalized models.

The results were poorest for RG-2, the rural basin with a drainage are%
10.6 mi2 for which the greatest peak flow suitable for modeling was 16 ft
Such conditions are difficult to model because the small peak flow is subject
to many influences over a large area. For example, the initial infiltration
capacity over the basin can vary from zero for saturated wetlands to nearly 100
percent if the soils are excessively dry.

The effect of ponding upstream from restrictive roadway culverts creates a

problem in modeling the Sand Creek basin., The lower peaks were not affected
because they passea through the small culverts without attenuation, but the two
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Table 11.—Summary of differences between simulated
and observed peak discharges

[as a percent of the observed peak discharges]

: Number of
Site High Low Mean Median camparisons
OVERALL 642 11 120 42 19
RG-1 642 11 133 54 7
RG-2 247 46 115 84 4
RG-4 466 14 111 36 8

larger peaks (August 7 and September 11, 1980) were noticeably affected (figs.
11R and 11S5). To account for ponding, the basin would have to be subdivided at
the restrictive culverts and flow through the storage areas modeled using
reservoir-routing techniques. This procedure would require additional record-
ing stations in the storage ponds.

Because of the few storms during the study, all recorded hydrographs were
used to calibrate the models and the models remain untested on independent
events. It is not possible to evaluate the accuracy of these models without
additional data. They are not appropriate for extending peak record with time
or for predicting peaks and volume if basin characteristics are significantly
changed because of the unknown error associated with the results.

Further study is needed in two areas. First, additional data are needed
to fully test the linear equations used to campute HEC-1 input-variable values.
Since only eight significant runoff events occurred and were recorded during
the 2 years of data collection, all events were needed to develop reasonable
linear equations. If only half the events were used in a multiple regression,
as originally intended, and the other half used to verify the results, the
resulting linear equations would have a much greater degree of error associated
with them. Second, further study is needed to determine how model variables
change as land use changes in each basin before the models can be used as a
predictive tool to determine changes in runoff due to development.
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Table 12 is a statistical summary of field measurements and chloride,
dissolved-solids, and susvended-sediment concentrations at the four sites in
the Coon Creek watershed. The mean of the streamflows measured durina sample
collection indicates that the headwaters upstream from RG-1 were the source of
about half the flow measured at RG-5, but the median, which probably is a
better indication of the central tendency of much of the skewed data resulting
from this study- indicates that RG-1 supplies less than one third of the
streamflow measured at RG-5. The remaining flow was supplied by tributaries,
such as County Ditch 58 and Sand Creek, direct runoff, and ground-water
discharge.

A correlation coefficient higher than 0.93 was found for specific conduc-
tance and dissolved-solids concentrations at all sites except RG-2. A high
coefficient is expected because specific conductance is dependent on the ions
in solution, and the dissolved solids are mostly salts that dissociate to form
ions in water. The limited range of values at RG-2 can reduce the coefficient
but it is possible that dissolved organic substances naturally voresent in the
water, but not measurable as specific conductance, were affecting the rela-
tionship.

The smallest range in dissolved-solids concentrations and specific conduc-
tance was found at RG-2. The relatively flat rural land and wetlands in this
watershed reduce total runoff and allow percolation and ponding of water, which
may stabilize the quality of the water before it discharges to the stream. The.
lowest mean and median dissolved-solids concentration and specific conductance
also were found at RG-2.

The highest mean and median dissolved-solids concentrations and specific
conductance were found at RG-4. This can result from the high quantity of
soluble salts, such as sodium chloride, that may be flushed from urban
surfaces. Alternating periods of deposition and flushing can result in large
fluctuations that probably gave RG-4 both the highest and lowest values in the
watershed for dissolved-solids concentrations and specific conductance.

Streams in the Coon Creek watershed generally were slightly alkaline. The
highest mean pH, 7.6, was found at RG-4. The lowest mean and median pH
occurred at RG-1. The greatest pH range, 2.3 units, occurred at both RG-2 and
RG-5. A pH less than 6.5, the limit established for freshwater aquatic life
(Minnesota Pollution Control Agency, 1978), was measured at RG-1 and RG-5 in
February 1980 and at RG-1 and RG-2 in September 1980. These values could
result from discharge of acidic waters from peat deposits in the watershed.
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The lowest mean water temperature was observed at RG-1. The highest mean
water temperature occurred at RG-2 and may have resulted from slow velocities

and lack of forest cover which allowed solar heating of the water.

DO concentrations generally were highest during winter and lowest during
summer, being influenced by water temperature. The highest DO concentration.
12.2 mg/L, occurred at RG-4 on November 2., 1979. The lowest DO concentration
at all four sites, on August 8, 1980, coincided with the highest streamflows
sampled. Many of these low DO concentrations were below the minimum 7.0 mg/L
required for the maintenance of good fish populations (Minnesota Pollution
Control Agency., 1978).

Figure 13 shows DO expressed as percent of saturation, avoiding the
effects of temperature-dependent solubility. The highest mean and median DO
concentration and DO percent saturation was found at RG-2. DO was super-
saturated in many samples from RG-2, reaching a maximum of 140 percent on July
10, 1980. Supersaturation observed at RG-2 was probably the result of photo-
synthesis by phytoplankton in the stream.

Mean and median dissolved chloride concentrations were lowest at RG-1 and
RG-2 (table 12). Substantially higher mean and median concentrations were

found at the downstream sites, RG-4 and RG-5.

Fiaure 14 shows chloride concentrations at each of the sites. Concentra-
tions generallv were below 10 ma/L at RG-1 and RG-2, but were higher and more
variable at RG-4 and RG-5. The highest chloride concentrations were sampled at
RG-4 on February 21, 1980, and at RG-5 on February 22, 1980, containing 180 and
100 mg/L, resvectively. The maximum concentration of chloride allowed for
public water suvplies is 250 mg/L (U.S. Environmental Protection Agency. 1977;
Minnesota Pollution Control Agency, 1978). The chloride load carried past RG-
4 and RG-5, when sampled, was 2,030 1b/d and 12,700 1b/d, respectively. High
chloride concentrations during winter are characteristic of runoff from areas
where deicing salt has been applied to roads.

Susvended sediment is generally considered a significant carrier of pollu-
tants in streams because the particles act as a substrate to which pollutants
can become sorbed. Table 12 shows that the mean and median concentration of
suspended sediment was lowest at RG-2. The low streamflows and slow velocities
in this drainage ditch substantiallv reduce its sediment-carrying capacity.

The highest mean suspended-sediment concentration was found at RG-4; the
highest concentration was obtained during a rainstorm on August 9, 1979. Con-
struction activities upstream from the sampling site and erosion of channeled
varts of the stream probably contributed most of the suspended sediment found
at RG-4.

The highest median suspended-sediment concentration was found at RG-5.

High concentrations may result from higher velocities and increased turbulence
at this site, which can increase sediment-carrying capacity.
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DISSOLVED OXYGEN, PERCENT SATURATION
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Figure 13.--Percent saturation for dissoived oxygen in Coon Creek
watershed

48



CONCENTRATION OF DISSOLVED CHLORIDE, IN MILLIGRAMS PER LITER
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Figure 14.--Concentration of chloride In Coon Creek watershed
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Table 13 shows the Pearson product-moment correlation coefficients that
exceeded 0.70 between suspended-sediment concentrations and other measurements
and concentrations at each of the sites. The high correlation coefficients
show that higher streamflow is usually accompanied by an increased concentra-
tion of suspended sediment at all of the sites. Total phosphorus, total recov-
erable iron, and suspended organic carbon are strongly associated with
suspended sediment at all of the sites. Several high coefficients suggest that
the suspended sediments at RG-4 are associated with potentially toxic metals
including arsenic, copper, and lead. Elevated concentrations of lead are
frequently associated with urban runoff,

Table 13.—Correlation coefficients greater than 0.70 between suspended-
sediment concentrations and other measurements and concentrations

RG-1 RG-2 RG-4 RG-5

Strmlm........................C...I...... 0086 0‘85 0.81 0.81
Biochemical oxygen demand..ccecseecscecscasse -— .85 .83 -—
Dissolved NOo+NO3 nitrogen....eececececcacses .78 -— — -—
Total ammonia plus organic nitrogen..ceecceeces —_— .78 .76 .87
Suspended ammonia plus organic nitrogen...... m—— — .89 .91
DiSSOlved nitrogel’l............-.............. 081 — = —
Total PhOSPhOrUS.sescssescscsscscscsssscscans .86 .85 .92 .87
Dissolved orthophosphat€.ecececsccacscscsceses 77 - —-— -_—
ArSENiCeceeesscscscscsscacscsscscscscsscscnee — _— .83 _—
CadMiUM,. eeesessesccasssecscscsscscscscsscsoss — _— — .82
COpLBI................-.........-............ —— I 082 -
IrONeeceesscssscccocssssscssessssasssssssssce .71 .72 .99 .87
Lead.....--..--.-..-.......-........-....-... 071 = 096 084
Manganese....-.......-....................... _— - .92 .96
le'lC............-....-....................... _— — 092 _—
Dissolved organic carbONecececsescscsccscscas —_— .72 -_— -
Suspended 0OrganicC CarbONeecececcecccccccsccccss 77 .81 .71 .82

Figure 15 shows the variations in concentrations of dissolved nitrogen and
its component forms at each site. Table 14 summarizes the results of analyses
for various foms of nitrogen at each of the sites. Nitrogen is an essential
nutrient for plants, and nitrate nitrogen commonly is applied as fertilizer in
the watershed (Loren Hentges, oral cammun., 1981). The lowest mean and median
dissolved-nitrogen concentration was found at RG-1. The mean of 1.47 mg/L was
canposed of 14 percent ammonia nitrogen, 29 percent nitrite plus nitrate nitro-
gen, and 57 percent organic nitrogen.
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One third of the mean and median total ammonia plus organic nitrogen at
RG-1 was in the suspended form. Suspended ammonia plus organic nitrogen is
generally associated with runoff, but here it did not correlate with stream-
flow. The highest concentration of total ammonia plus organic nitrogen at RG-
1 occurred on June 29, 1979, and 47 percent was in the suspended form.

The highest mean, median, and maximum concentrations of dissolved nitrogen
and dissolved organic nitrogen occurred at RG-2. Figqure 15 shows that
dissolved nitrogen concentrations at RG-2 were generally higher than at the
other sites, but the concentrations in the last two samples significantly
increased the mean. The highest concentration of nitrite plus nitrate nitrogen
was found in the sample of August 8, 1980. The sample on September 12, 1980,
had the highest concentrations of ammonia nitrogen and organic nitrogen.

Ammonia nitrogen comprised 8 percent of the mean dissolved nitrogen at RG-
2, Nitrite plus nitrate and organic nitrogen averaged 39 and 53 percent of the
dissolved nitrogen at RG-2, respectively. Only 20 percent of the mean total
ammonia plus organic nitrogen was suspended, probably the result of 1limited
runoff fraom the relatively flat topography in the RG-2 watershed.

The mean and median concentrations of dissolved nitrogen at RG-4 were the
second highest and the median dissolved nitrite plus nitrate nitrogen concen—
tration was the highest in the watershed. Nitrite plus nitrate nitrogen,
ammonia nitrogen, and organic nitrogen comprised 42, 10, and 48 percent,
respectively, of the mean dissolved nitrogen at RG-4.

High streamflows had lower dissolved-nitrogen concentrations at RG-4 than
at RG-1 and RG-2. The highest streamflows sampled at RG-4 on August 9, 1979,
and August 8, 1980, had the lowest concentrations of dissolved nitrogen. The
highest concentrations of dissolved nitrogen, 2.4 mg/L, and dissolved nitrite
plus nitrate nitrogen, 1.4 mg/L, occurred on February 21, 1980, during the
lowest streamflow sampled.

Suspended ammonia plus organic nitrogen comprised 28 percent of the mean
total ammonia plus organic nitrogen at RG-4. The highest concentration of
suspended ammonia plus organic nitrogen occurred at RG-4 during the second
highest streamflow sampled on August 9, 1979, and comprised 81 percent of the
total ammonia plus organic nitrogen.

Table 14 and figure 15 show that the smallest range in concentrations of
dissolved nitrogen, dissolved and total ammonia plus organic nitrogen, and
dissolved organic nitrogen were found at RG-5. Variations in concentration may
be obscurred by the integration of the various tributaries to the stream.

The mean dissolved nitrogen at RG-5 was composed of 11 percent ammonia
nitrogen, 36 percent nitrite plus nitrate nitrogen, and 53 percent organic
nitrogen. Suspended ammonia plus organic nitrogen comprised 40 percent of the
mean total ammonia plus organic nitrogen at RG-5, the highest percentage for
the sites.

Most of the ammonia detected in water samples occurs in an ionized form
(NHy+); however, a part may be un-ionized (NH;) depending on the pH and temper-
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ature of the water. The un-ionized ammonia is the form determined to be toxic
to freslwater aquatic life and should not exceed a concentration of 0.02 mg/L
(U.S. Environmental Protection Agency, 1977). The concentration of un-ionized
ammonia was very near 0.02 mg/L in samples from RG-1 in June 1979 and from RG-5
in August 1979.

Mean concentrations of total phosphorus, an essential plant nutrient,
(table 14) were similar at each site. The highest mean and median concentra-
tions were found at RG-5. The greatest range in phosphorus concentration was
found at RG-4. Figure 16 displays the variations in total phosphorus concen—
tration found at each site.

The highest phosphorus concentrations measured at RG-1 (fig. 16) coincided
with three of the four highest streamflows sampled (See Water—Quality Data at
the end of report). The sample fram RG-1 in September 1980 had only 0.21 mg/L
total phosphorus, although it was collected at the peak of the second highest
streamflow sampled. Much of the available phosphorus may have been flushed
into the stream during runoff in August 1980, leaving less phosphorus available
in September.

The smallest range in total phosphorus concentrations occurred at RG-2.
This may result fram the flat topography in this part of the watershed, which
reduces peak runoff and flushing of constituents. The highest concentration at
RG-2 was found in the samples collected June 29, 1979, and September 12, 1980.
Concentrations of total phosphorus were different at RG-1 and RG-2, but the
maxima shown in figure 16 generally are coincidental.

Total phosphorus concentrations at RG-4 differed fram those at RG-1 and
RG-2. Figure 16 shows that the maxima in July 1979 and September 1980 did not
occur at RG-4. The highest total phosphorus concentration at RG-4, 0.71 mg/L,
was found in August 1979. High concentrations of total phosphorus coincided
with high streamflow at RG-4 and could be caused by runoff of fertilizers or
detergents.

High concentrations of total phosphorus at RG-5 seem to coincide with high
concentrations at the upstream sites (fig. 16). The highest concentration at
RG-5, 0.43 mg/L, occurred in conjunction with the highest concentration at RG-4
on August 9, 1979, but was diluted by the main-stream flow, which probably had
a lower concentration of total phosphorus.

Dissolved orthophosphate phosphorus is a nutrient readily available to
plants and most frequently is the form of phosphorus applied as fertilizer.
Applied to the soil, soluble orthophosphate rapidly adsorbs to soil particles
and converts to insoluble forms preventing excessive leaching and runoff
(Stewart and others, 1975). Dissolved orthophosphate concentrations in Coon
Creek watershed ranged from 0.00 to 0.04 mg/L during most of the study. Table
14 shows that the highest mean and median concentrations of dissolved ortho-
phosphate occurred at RG-1 and RG-2. The lowest mean concentration was found
at RG-5.

Dissolved orthophosphate concentrations in 1979 exceeded 0.04 mg/L in one
sample, when 0.07 mg/L dissolved orthophosphate was found at RG-2 on June 27.
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The sample collected during higher streamflow two days later had only 0.02 mg/L
dissolved orthophosphate. Many samples collected in 1980 had high concentra-
tions of dissolved orthophosphate. The samples fram RG-1 and RG-4 in June
contained 0.11 and 0.16 mg/L, respectively. Concentrations of 0.10 and 0.05
mg/L were found on August 8 at RG-1 and RG-2, respectively. High dissolved
orthophosphate concentrations at RG-1, RG-2, and RG-5 on September 12 accom-

panied reduced streamflow.

Concentrations of DOC (dissolved organic carbon) and SOC (suspended
organic carbon) are probably introduced to streams fram terrestrial sources and
commonly form a major driving source of material and enerqgy for stream meta-
bolism (Wetzel, 1975). Wetzel (1975) also states that the SOC of streams is
about 10 to 17 percent of the concentration of DOC. Figure 17 shows the
organic carbon concentrations at each of the Coon Creek sites. SOC and DOC
concentrations were not determined fram the samples collected on August 8,
1980.

SOC\\at RG-1 ranged fram 3 to 40 percent of DOC, and averaged about 15
percent. '®* The SOC and DOC generally were highest in samples collected during
high streamflow. The sample fram RG-1 on February 22, 1980, had 0.5 mg/L SOC
during the lowest streamflow sampled, but had a high concentration (18.0 mg/L)
of DOC. Samples fram RG-1 shown in figure 17 did not include quantification of
SOC on June 27, 1979, and DOC on May 28, 1980. ’

The highest mean and median DOC concentrations in the watershed were found
at RG-2. Fiqure 17 shows that the highest concentrations of organic carbon
occurred in the first three samples fram RG-2. The source of this organic
carbon cannot be detemmined fram the data.

SOC averaged about 12 percent of DOC in coincidental samples at RG-2,
ranging from 2 to 22 percent. The percentage of SOC was highest on November 1,
1979, probably resulting fram influxes of partly decomposed litter fram the
autumn leaf fall.

Concentrations of SOC generally were highest during higher streamflows at
RG-4, but unlike RG-1 and RG-2, DOC was generally lowest during the higher
streamflows. Concentrations of DOC in base flow fram the upper reaches of the
stream may be diluted by runoff containing mostly SOC fram urban areas near the
mouth of the stream. SOC averaged about 8 percent of DOC in coincidental
samples at RG-4, and ranged from 2 to 33 percent. SOC was not determined for
the sample collected August 9, 1979.

SOC averaged about 25 percent of DOC at RG-5, much higher than at the
other sites. The 8.0 mg/L concentration of SOC on August 9, 1979, was the
highest found in the watershed and was 114 percent of the DOC. Much of the DOC -
at RG-5 may have been assimilated by phytoplankton in the stream to be detected
as SOC. SOC was not determined for the sample collected on November 2, 1979.

Five-day BOD was detemined for each sample, except those from RG-1 and
RG-2 on August 8, 1979. Five-day BOD is a gross measure of the amount of
oxygen depleted in a sample of water as microorganisms decampose biodegradable
materials over the 5-day period. These. BOD's are unseeded, making the results
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dependent on the presence of microorganisms in the sample and the quantity and
canposition of biodegradable materials.

The second lowest median concentration of BOD, 2.4 mg/L, was found at RG-
1. The high standard deviation (table 14) indicates that the BOD was rela-
tively variable. BOD's at RG-1 were generally highest during higher stream
flows. The highest BOD sampled at RG-1 was found during the runoff on June 29,
1979. High BOD's were also found in the final two samples from RG-1. A 5.9
mg/L concentration of BOD on February 22, 1980, coincided with the lowest
streamflow sampled, implying that a substantial quantity of biodegradable
material was present in the stream that was unutilized because of the low
productivity during winter. The few high BOD's at RG-1 produced a mean BOD,
3.3 mg/L, which was quite different from the median.

The lowest mean and median concentrations of BOD in the watershed were
found at RG-2. BOD's were generally higher during high streamflows. The
highest BOD's sampled at RG-2 were found in the last two samples, coinciding
with the highest streamflows sampled.

Samples from RG-4 had the highest mean and median concentrations of BOD in
the watershed with the highest standard deviation. High BOD was frequently
associated with high streamflow at this site, but the highest streamflow
sampled on August 8, 1980, had a 4.0 mg/L BOD, only slightly above the mean and
median. The highest BOD was found on August 9, 1979, and accompanied peak
concentrations of many constituents.

High BOD's at RG-5 also generally were present during high streamflows,
although the highest BOD occurred during low streamflow on February 22, 1980.
The low standard deviation of the BOD's at RG-5 indicates that relatively
consistent concentrations of biodegradable materials were present at RG-5,
again suggesting that the waters at RG-5 integrate variations observed in the
tributaries.

Metals

Each sample from the Coon Creek watershed was analyzed for total recover-
able concentrations of selected metals. Table 15 is a summary of the results
of these analyses.

Concentrations of arsenic, an element commonly found in natural systems,
did not exceed 5 ug/L (micrograms per liter) in the watershed. The highest
mean, median, minimum, and maximum concentrations occurred at RG-5, but differ-
ences between sites were not significant.

Cadmium was not detected in most samples. The highest concentration

measured occurred at RG-5 on August 9, 1979, and coincided with the second
highest streamflow sampled.

59



(A4 0LT 0 0c (43 v 8¢ 0TT 0 (114 62 T secesccouTy

S 1 14 0 Z €°C 6 LT L Z € AR 6 ©°*° *T9YOIN
— G*> 1> - —_ Z1 - > > -— - 2T e ccXanoayg
61¢ 002‘T 0BT 09¢€ 1:3744 1 (34 0B‘T O0TT m|z (A%} 4 T * *asauebuen
V'8 €e 0 9 Z°8 T (44 02} > G*9 ST T ceeecccpea]
096‘’T 008‘9 00£‘T 006‘C 0bS’‘t 6 0Z€‘c 006’9 0BY 009’T 00r‘’z 6 R ¢ o PN §
1A 8 0 q°Z 1A PT T°€ 1T 1 € v T °**°*1addop
€9 0€ 0T 0¢ 0z 4% L9 o€ 0T 0¢ 8T T °tumTwoIyd
1 4 0 0° q° T 8° Z 0 0 g* P ¢ s cuntupe)
T1 S Z S°€ vee ¢t °T S T 4 9°Z ¢TI *°°tO0TUsSayY

S -
ST 0s 0 0¢. R4 v S°6 (119 0 0¢ 6T 1 seestecduUTZ
S°T 14 0 Z 1 6 G0°T 4 T Z T°2 6 Sttt TONOIN
_— g*> > - - €T _— g*> > -_ - 2T *e*cAanoIsy
6T 019 0ST (6144 RBVE 141 0°% ocy 06T SLZ 162 14} * * asauebuey
€€ 0T 0 Z T°€ 1 L'y LT 0 4 9°€ 148 R *=C ) |
0.T’C 006°L 00L‘T 001’2 09¢‘€ 6 089°T 00.’9 00S'T oop’z 0T0‘E 6 *eecs*cuoax
Q1 S 0 Z 12 144 6°1 LT 0 (4 34 1 *+*++18ddo)p
8°9 0€ 0T 0¢ LT ¥T b°8 0€ oT> 02 8T 1 ¢ *unTuDIYD
8° Z 0 0 I 148 q* T 0 0 1A 144 °*°umnTtupe)
0°T 14 0 4 80°¢ €T 0°1 14 T € 8°¢ T ©°**OTUsSSIVY
X -
wret wnuT ury wnure
as =Xey Uty WRTPIM ey N as =xey <UTH ue TPy ueay N JUINITISUOD

[wT3eTAsp piepuels ‘0S
{soTdures Jo xsqumu ‘N (393717 I1=d sweiboiotw ut S3Tun)

PIUSI93eAM 991D Uoo) ub1J SaTdmes utr parnsecw
SUDTIRIJUIOUCO Tejaw JO Atewunms TeOTISTIRIS--°GT STqEL

60



Concentrations of chromium were similar at each of the sites, Skougstad
and others (1979) recommend that chromium concentrations be reported to the

nearest 10 ug/L, which may conceal subtle differences in concentration between
the sites. The highest mean chromium concentration was found at RG-5, but all
the sites had about the same range in concentration.

Similar variations in the concentration of copper were found at RG-1 and
RG-2. Samples from RG-1 and RG-2 had the highest concentrations of copper on
June 27, 1980, when streamflows were near the mean. Concentrations of copper
also were similar at RG-4 and RG-5. The highest concentrations of copper at
RG-4 and RG-5 were measured on August 9, 1979. Table 15 shows that the highest
mean and median copper concentrations were present at RG-4.

Iron concentrations varied considerably throughout the watershed. The
lowest concentration was observed in February 1980 at RG-4. The highest concen-
tration was observed in September 1980 at RG-2. Iron is an abundant and
widespread constituent of rocks and soils (Hem, 1970) and it appears that
dilution of natural iron concentrations by runoff from urban areas in the RG-4
basin resulted in mean and median iron concentrations that were the lowest in
the watershed.

Iron concentrations correlated with phosphorus concentrations, providing
coefficients that ranged from 0.88 at RG-5 to 0.95 at RG-1l. Phosphates are
attracted to iron in acidic waters to form ferric phosphates (Reid and Wood,
1976). This could explain the association between total phosphorus and total
iron, but samples from the Coon Creek watershed generally had a neutral or
moderately alkaline pH. Correlations between suspended-sediment and iron con—
centrations, and the correlations between suspended sediment and phosphorus,
indicate that iron and phosphorus may be associated as a result of their common
affinity for suspended-sediment particles.

Lead has many industrial and domestic uses and is often introduced to
natural systems in significant quantities. Relatively low lead concentrations
occurred at RG-1 and RG-2 (table 14), and no lead was detected in many of the
samples. The highest concentration at RG-1 occurred during the highest stream-
flow sampled.

Table 15 shows that the highest mean and median lead concentrations
occurred at RG-4. The sample from RG-4 on August 9, 1979, had the highest
sampled concentration of lead. Runoff from the RG-4 watershed had 45 ug/L of
lead in June 1980, more than twice the 21 ug/L found in the highest sampled
streamflow in August 1980, when less accumulated lead may have been available
to be washed into the stream.

The high lead concentration at RG-4 on August 9, 1979, was evident down-
stream and resulted in the highest lead concentration at RG-5 on the same date.
The water at both sites was carrying about 18 pounds of lead per day when
sampled. The second highest lead concentration at RG-5 was 15 ug/L sampled in
FPebruary 1980 during low streamflow. The concentration of lead at RG-4 sampled
in February 1980 was only 2 ug/L, which suggests that the lead at RG-5 came
from a different source in the watershed—possibly other urban areas or highway
drainage.

61



Manganese concentrations at RG-1 and RG-2 had similar variations through-
out the sampling. Hem (1970) suggests that concentrations of manganese in
natural water are influenced by the uptake and deposition of this element by
plants, for which it is essential. Release of manganese from peat deposits may
have caused the highest median manganese concentration in the watershed at RG-
2.

Several samples from RG-4 and RG-5 had high manganese concentrations that
gave these sites the highest mean concentrations in the watershed. The highest
concentrations were measured at both sites in August 1979. Industrially,
manganese is most commonly used as a hardener for steel (Merck and Co., 1968),
but it is not known if this could provide a source for the concentrations
measured.

Mercury concentrations reported from analysis of most samples were below
detection limits and all were below 0.5 ug/L. Concentrations that ranged
between 0.1 and 0.5 ug/L resulted from lowering the detection limits of
analysis for this constituent during the study.

Total recoverable nickel determinations performed by the U.S. Geological
Survey Central Laboratory during August 1978 through October 1979, were
affected by contaminated reagents and the results are invalid (Ann Watterson,
written commun., 1981). The results of total recoverable nickel determinations
during this period, encompassing four values from each site, were not included
with the results in this report.

Table 15 shows that the highest mean, median, maximum, and minimum concen-
trations of nickel in the watershed occurred at RG-4. The lowest mean concen-
tration of nickel was found at RG-2, although RG-1, RG-2, and RG-5 had the same
median concentrations. Variations in the concentration of nickel did not
generally coincide with variations in streamflow, although the highest concen-
tration, 7 ug/L at RG-4 on June 5, 1980, did occur during high streamflow.

High zinc concentrations seem to have occurred randomly in the watershed.
Concentrations at RG-1 were all at or below 30 ug/L. Zinc concentrations of 50
ug/L occurred twice at RG-2 in February and August 1980. Concentrations of 50
ug/L occurred several times at RG-4. The highest concentration at RG-4 (110
mg/L) was measured in August 1979. One sample from RG-5 in August 1979 con-
tained 50 ug/L, and the highest concentration (170 mg/L) was measured in
February 1980. Zinc is generally present in natural waters, but the source of
the high concentrations is not known.

The concentrations of most metals were well below standards and (or)
recommendations for public water supplies. The lead concentration at RG-4 on
August 9, 1979, exceeded the 50 ug/L allowed by the U.S. Environmental
Protection Agency (1977) and the Minnesota Pollution Control Agency (1978) for
public water supplies. Based on the effect on taste, it is required that
concentrations of dissolved iron and manganese in public water supplies not
exceed 300 and 50 ug/L, respectively (Minnesota Pollution Control Agency,
1978). Concentrations of dissolved iron and manganese were not determined for
the samples, so it cannot be determined if limits were exceeded.
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The maximum allowable concentrations of substances toxic to freshwater
aquatic life (U.S. Environmental Protection Agency, 1977) were exceeded in some
samples from the Coon Creek watershed. In several samples from the watershed,
cadmium concentrations exceeded the 1.2 ug/L limit for cladocerans. The 30
ug/L recommended for lead (National Academy of Sciences, National Academy of
Engineering, 1973) was exceeded in two samples from RG-4 and one sample from
RG-5. The detection limits for total mercury do not indicate if concentrations
exceeded the maximum of 0.05 ug/L.

Base-flow Samples

Comparison of the mean concentrations obtained from samples throughout the
study with mean concentrations from the five samples obtained under base-flow
conditions can provide an indication of the source of constituents sampled.
Constituents that have a higher concentration during base flow may be present
in ground water discharging to the creeks and may not be significant in runoff.
Constituents that have a lower concentration during base flow may be introduced
with runoff and might be controlled to prevent significant degradation of
stream quality. Table 16 shows the mean and median concentrations of selected
constituents sampled during base-flow conditions.

Concentrations of DOC, arsenic, cadmium, chromium, copper, nickel, and zinc
were not substantially different in samples collected during base flow than
mean and median concentrations of all the samples collected during the study.
Similar average concentrations may result from analytical limitations that
conceal subtle differences or from equivalent contributions from ground-water
discharge and runoff.

All the sites had higher average dissolved-solids concentrations and spe-
cific conductance at base flow than throughout the study, although base flow at
RG-2 had a slightly lower average dissolved-solids concentration. The highest
base-flow values for these constituents were found at RG-4. Runoff may contain
high concentrations of dissolved solids initially, but after this first flush
will generally contain low concentrations that dilute the base-flow concentra-
tions present in the stream.

Mean dissolved chloride concentrations were lower in base—-flow samples from
all sites in the watershed. Median dissolved chloride concentrations in base
flow at RG-4 and RG-5 were higher than throughout the study. The average base-
flow chloride concentrations at RG-4 and RG-5 were substantially higher than
the average base-flow concentrations at RG-1 and RG-2, suggesting that contam-
inant inputs from urban areas are evident during base-flow conditions.

Mean and median BOD concentrations were lower in base-flow samples at all
sites except RG-2, implying that most of the BOD is introduced to the streams
with runoff. The mean base-flow BOD ranged only 0.2 mg/L between the sites.
Higher average DO concentrations in base-flow samples may have been effected by
the lower BOD.

Mean and median base-flow concentrations of suspended sediment were lower

than average concentrations throughout the study. The mean and median sediment
concentrations in base flow at RG-5 were much higher than at the other sites.
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Mean and median base-flow concentrations of SOC, suspended ammonia plus organic
nitrogen, and total phosphorus also were usually lower. Mean base-flow concen-
trations of all forms of dissolved nitrogen sampled were usually lower at all
sites except RG-4, where organic and nitrite plus nitrate nitrogen concen-
trations were higher in base flow than during the whole study.

Mean and median concentrations of iron, manganese, and zinc were lower
during base flow than at higher flows, and the greatest differences occurred at
RG-4 and RG-5. Mean and median concentrations of lead were lower in base-flow
samples at all sites. Mean and median base-flow concentrations of lead were 2
ug/L or less at all sites except RG-4, where the average base-flow lead concen-
tration was 4 ug/L.

in Yield

The quantity of constituents carried by a stream, the load, can be calcu-
lated from the streamflow and the concentration of the constituents. Coon
Creek at RG-5, having the highest mean discharge and relatively high constit-
uent concentrations, almost consistently carried the highest loads.

The load value can be expressed as a function of the drainage area for a
site. Dividing the load by the drainage area provides the yield; a value that
facilitates comparisons between each of the sites sampled.

Table 17 shows the mean and median yields of selected constituents for
each of the sites in units of pounds per day per square mile. It should be
noted that these values are not representative yields, but are influenced by
the high-flow biasing of sample collection. The yields were computed using
only those values that were not qualified with remarks, such as "less than."

RG-4 and RG-5 had the higher average yields. Site RG-2 almost consist-
ently had the lowest yields.

The waters at RG-1 carried the highest yields of most nutrients sampled,
including dissolved ammonia, organic nitrogen, and dissolved orthophosphate
phosphorus. High yields of BOD and SOC also were found at RG-1. High yields
of cadmium, iron, and zinc also are apparent, but the source is not known.

The high yields of nutrients together with the rather high yield of
suspended sediment suggest that agricultural practices may be allowing erosion
of croplands and contributing to the nutrient load in the stream. The much
lower yields at RG-2 may be related to the flat topography in the drainage area
and possible trapping of sediment and nutrients in wetlands and ponds.

High yields of certain constituents at RG-4 and RG-5 may be related to the
extent of urbanization in the associated watershed. High yields of BOD, chlo-
ride, dissolved solids, total phosphorus, and several metals, including lead,
are frequently associated with runoff from urban areas. High yields of
suspended sediment may result from construction activities in the watershed or
bank erosion above the sampling site.
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Bottom-Material Samples
One sample of bottom material was collected from each of the four sites in

the Coon Creek watershed on September 26, 1979. The results from analysis of
these samples are shown in table 18.

The composition of bottom material and the amount of contact with the
stream water affect the kind and quantity of constituents that will be sorbed
to it. Variability of bottom-material composition in a given reach of a stream
can, therefore, allow a wide range of constituent concentrations between repli-
cate samples at a given site. Multiple samples from each site could have
provided a better overall indication of the bottom material quality, but the
expense of the analysis and project funding constraints limited sample collec-
tion and analysis to one per site.

Nitrite plus nitrate nitrogen constitutes only a small part of the total
nitrogen in the bottom~material samples. This may have resulted from the high
solubility of these forms of nitrogen.

Table 18.—Analysis of bottam-material samples
fram Coon Creek watershed

[mg/kg, milligram per kilogram; ug/g, microgram per gram;
g/kg, gram per kilograml

Constituent Units RG-1 RG-2 RG-4 RG-5
+NO3 as N (mg/kg) 1.7 0.5 1.2 1.8
+ Organic as N (mg/kg) 1,500 6,700 2,100 29,900
To N (mg/kg) 1,510 6,700 2,100 29,900
Total P (mg/kg) 180 150 8l 220
Arsenic (ug/qg) 0 0 0 0
Cadmium (ug/qg) <10 <10 <10 <10
Chramium (ug/q) <10 <10 <10 <10
Copper (ug/qg) <10 <10 <10 <10
Iron (ug/qg) 6,400 4,900 2,600 4,100
Lead (ug/q) <10 <10 <10 <10
Manganese (ug/qg) 230 160 330 320
Mercury (ug/qg) .0 .0 .0 .0
Nickel (ug/qg) <10 20 10 <10
Zinc (ug/qg) 10 10 10 10
Organic carbon (g/kqg) 3.4 17 1.4 2.0
Inorganic carbon (9/kg) 1.9 .3 .4 .7
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The highest nutrient concentrations were found at RG-5. The concentration
of ammonia plus organic nitrogen in bottom material at RG-5 was more than four
times the concentration at the other sites.

Most metals were either not detected in bottom-material samples or were
below detection limits. The highest concentrations of iron and manganese
occurred at RG-1 and RG-4, respectively. The highest concentration of nickel
was found at RG-2, although water samples from this site had the lowest mean
nickel concentration. Bottom material from RG-4 had a nickel concentration at
the 10 ug/g detection limit.

Determination of carbon concentrations in bottom material showed that
sediments at RG-2 contained the highest concentration of organic carbon and
sediments at RG-1 had the highest concentration of inorganic carbon. Inorganic
carbon concentrations ranged from only 2 percent of the total carbon concentra-
tion at RG-2, to 36 percent of the total carbon concentration at RG-1. Peat
deposits at RG-2 could account for the relatively high proportion of organic
carbon at this site,

SUMMARY AND CONCLUSIONS

Rainfall, streamflow, sediment, and water-quality data were collected from
March 1979 to November 1980 at selected urban and rural subbasins in the Coon
Creek watershed. The data were analyzed to determine rainfall-runoff relation—
ships for those areas, to determine the effects of various land uses on the
rainfall-runoff response, and to assess present and potential water-quality
problems.

Two separate methods of analysis were used to determine the rainfall-
runoff relationships for urban and rural land uses. The first method was a
quantitative analysis of rainfall and runoff. The second method was a runoff
hydrograph simulation technique that used the Corps of Engineers computer
program HEC-1.

Results from the quantitative analysis suggest that the rainfall-runoff
response, defined as direct runoff volume as a percent of rainfall volume,
varies for any given site from storm to storm and depends on storm character-
istics and antecedent soil-moisture conditions. The rainfall-runoff response
was nearly equal among all sites in the basin for any given storm and ranged
from 0.4 to 20.8 percent for all recorded events.

The greatest recorded rainfall during this study was 3.95 inches on August
7, 1980. The basin-weighted rainfall was 3.56 inches on August 7 and resulted
in the_greatest observed peak flow for Coon Creek at Coon Rapids Boulevard of
185 ft?/s. Storm-runoff volumes ranged from 2.51 to 1,355 acre-ft for observed

hydrographs.
Rainfall amounts less than 1 inch did not produce significant runoff.

Higher and sustained flows resulted when Carlos Avery Wildlife Management area
pools were discharging from 37 to 42 ft3/s and when rainfall amounts were
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gieater than about 2 inches. Hydrographs of streams draining urban areas had
igher peaks, shorter times to peak, and shorter duration than hydrographs of

rural-area streams.

Peak discharges were generally directly proportional to the size of the
contributing drainage area of the subbasins. In the case of the storms of
August 7 and September 11, 1980, peaks on Sand Creek decreased from Foley
Boulevard (14.8 mi2) to Xeon Boulevard (15.7 mi4) because of roadway structures
that restricted flow.

The runoff hydrograph simulation technique was used in an attempt to
further define the rainfall-runoff relationship. HEC-1 input variables were
successfully optimized for 17 of 19 runoff hydrographs from 3 recording stream-
flow sites resulting from significant storms of 1 inch or more rainfall
uniformly distributed over the basin. Optimized HEC-1 input variables and
various meteorological and physical characteristics were used in a multiple-
regression technique to determine linear equations for computing HEC-1 input
variables. This resulted in a generalized model for each of the three princi-
pal subareas through which a reasonably close match to 10 of the 19 observed
hydrographs was obtained. Because of the unknown errors associated with the
results, the models should not be used for extending peak record with time or
for predicting peak and volume if basin characteristics are significantly
changed.

Fourteen water samples collected from four sites provided evidence sug-
gesting that land use affects the quality of the receiving waters. The most
urban site, Sand Creek at Xeon Boulevard, had high mean and median concentra-
tions of dissolved solids, chloride, suspended sediment, biochemical oxygen
demand, and several metals. The rural sites near the headwaters of the water-
shed, Coon Creek near Raddison Road and County Ditch 58 at Andover Boulevard,
had relatively low concentrations of metals and the lowest mean and median
concentrations of chloride, dissolved solids, and biochemical oxygen demand,
but had the highest mean and median concentrations of many nutrients sampled.
The most downstream site, Coon Creek at Coon Rapids Boulevard, which received
streamflow from the other sites and most of the watershed, had the highest mean
and median concentrations of total phosphorus, suspended organic carbon, and
total concentrations of arsenic, iron, and zinc. The four sites had similar
water quality during base flow, but high chloride, dissolved solids, and lead
concentrations were evident at the urban sites. The additional constituent
load introduced to the sites during runoff accounted for most of the observed
divergence of water quality.

Computation of yields showed that Coon Creek at Raddison Road carried the
highest yields of several forms of dissolved nitrogen and a high yield of
suspended sediment. Sand Creek at Xeon Boulevard carried the highest yields of
many constituents, including BOD, dissolved chloride, suspended sediment, and
total lead, many of which are associated with urban runoff.

Water—quality standards for public water supplies were exceeded by a lead

concentration of 80 ug/L in a sample from Sand Creek on August 9, 1979, which
also had a notably high quantity of other constituents. Criteria for protec-
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tion of freshwater aquatic life were exceeded in the watershed by high concen-
trations of cadmium, low dissolved-oxygen concentration, and an excessive range
in values of pH.

It is difficult to predict with any certainty what will be the future
quality of Coon Creek and its tributaries. It is certain that the quality is
and will be affected by land use in the watershed. The proximity of the water-
shed to the Twin Cities Metropolitan Area almost assures that continued urban-
ization will occur in the Coon Creek watershed.

The high suspended-sediment and nutrient loads measured at Coon Creek at
Raddison Road can be expected to continue, causing siltation and possibly
eutrophication in slow-moving areas of the stream channel. Should it be deter-
mined that agricultural practices are the source of these loads, modification
of those practices might improve the quality of Coon Creek and help retain
soils currently lost to erosion

It is apparent that urbanized areas and continued urban development are
contributing pollutants to Sand Creek and the lower reaches of Coon Creek.
Many of the pollutants are toxic and pose a threat to the aquatic biota. More
extensive urbanization, allowed to continue in a similar fashion, could put
enough strain on aquatic biota to eliminate many species presently occurring
downstream from urban areas.

Measures to detain urban runoff have been shown to be effective in
reducing pollutant loads to adjacent streams (R. G. Brown, U.S. Geological
Survey, written commun., 1983). These measures, if implemented, might not only
reduce the impact of further urbanization, but might improve the present stream
quality if practiced in existing urban areas.
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WATER-QUALITY DATA

Exolanati £ Abreviati

cfs - cubic feet per second
umhos - micromhos per centimeter
deg C - degrees Celsius

mg/L - milligrams per liter
ug/LL. - micrograms per liter
t/day - tons per day

mg/kg - milligrams per kilogram
ug/g - micrograms per gram

g/kg - grams per kilogram
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RN-1 — PRECIPITATION AT HAM LAKE, MINNESOTA, 1980
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RN-3 — PRECIPITATION AT QOON RAPIDS, MINNESOTA, 1979

[All observations from midnight to midnight; measurements in inches]

AFR, MAY
* 0.32
* .04
* —

* —
* .03
* .02
* .02
* .33
* .61
* .18
* J—
* —
* *
* *
* *
* *
* *
* *
* *
* *
* *
* *
* %

0.01 *
.02 *

— R

-— %

—_— *
.18 *
.01 *

*No record.

JUNE

0.01
.02

.05

.37
.02
.61
.48

.05
1.54

.41
.13

.16

.84
<56

JULY

.15
.16

.

.25
.01

96"

.46

.06
.01
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0.11 = 0.50
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_— .22
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RN-3 — PRECIPITATION AT COON RAPIDS, MINNESOTA, 1980

[All observations from midnight to midnight; measurements in inches]

DAY APR. MAY JUNE
1 * J— *
2 * — *
3 * — *
4 % —_— %*
5 %* — %*
6 * —— *
7 %* — *
8 * — *
9 %* — *

10 * 0.27 *
11 * — *
12 * .04 *
13 * A1 *
14 * —_ *
15 * — *
16 * — *
17 * ( .51 *
18 —_ ( *
19 — — *
20 - — *
21 — —~ *
22 — — *
23 — — *
24 — — *
25 — — *
26 — —~ *
27 — — *
28 - olo *
29 - * *
30 — * *
31 *

* No record.
}/Partial record for that day.
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